Pedobiologia 27, 261—267 (1984) 


Section of Forest Ecology, Department of Ecology and Environmental Research & Department 
of Chemistry and Molecular Biology, 
Swedish University of Agricultural Sciences, Uppsala 


Dynamics of some nitrogen fractions in 
decomposing Scots pine needle litter 


BJöryx BERG and OLOF THEANDER 


With 2 figures 


(Accepted: 84-03-21) 


1. Introduction 


The release of nutrients from litter and humus is a fundamental process in the biogeo- 
chemical cycle and its rate is an important factor for plant growth. Nitrogen often appears 
to be limiting both plant growth (Tamm 1964) and microbial processes in. northern forest 
soils (BERG & Sraar 1980); but mobilization mechanisms from dead organic matter are in 
no way fully understood at present. Among suggested regulating factors is the ratio between 
the total carbon and nitrogen supplies (C/N-ratio) for litter. With ratios above a certain 
value no mobilization would take place. These critical values vary considerably (Bera & 
Eknoux 1983); however, and the litter's mass loss rate itself is probably also involved as a 
factor (BERG & Sraar 1981). ; 

The organic-chemical composition of litter will influence both its rate of decomposition 
and release of nutrients. The level of lignin, for example, could have this effect (BERG & 
Sraar 1980). Lignin itself, or rather lignin and other components analyzed as Klason (sul- 
furic acid) lignin, is the last of the litter's organie chemical components to be degraded 
(Berc et al. 1982) and when its degradation starts it appears to be rate-determining for litter 
decomposition (BERG & Star 1980). Earlier lignin has been considered to be a slowly de- 
graded complex but apparently it can be degraded at different rates (BERG, Wesstn & 
ExBonw 1982) which possibly are inversely related to the litter’s level of total nitrogen. 

It is known that the concentration of nitrogen increases in litter under decomposition 
(eg., Waves 1965, Aner & MeLLLo 1979, Berc & Sraar 1981) at least in the decomposi- 
tion stages so far observed, Also the absolute amount of nitrogen compared to the initial 
amount bound to, e.g., needle litter, may increase during decomposition — see a review by 
Bere & STAAF (1981). This net immobilized nitrogen may reach amounts up to three times 
the original amount (TIAvs 1965). Also the amount of nitrogen associated with the analyti- 
cal Klason (sulfuric acid) lignin fraction has been found to increase and Frag el at. (1950) 
noticed an inerease in the concentration of nitrogen bound to both milled wood lignin and 
sulfurie-acid lignin. 

The aim of the present work was to describe the changes in total nitrogen with special 
reference to the changes of nitrogen associated with the sulfuric-acid lignin fraction in the 
needle litter in a long-term study of decomposition, and relate it to the system studied, 
Part of this work has been presented earlier (Sraar & Brnc 1982). 


2. Site description 


The 120- to 180-vear-old Scots pine stand studied is located at the SWECON researeh site, 
Ivantjürnsheden, Central Sweden (609,497 N, 16° 30° E) at an altitude of 185 m above m.s.l. on a 
flat area of deep glacifluvial sand sediments. The mean annual precipitation at a nearby village is 
609 mm (1931-60), and the mean annual temperature £28 °C. The length of the growing season is 
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about 160 days (i.e. number of days with a daily temp. higher than 6 °C; AXELsson & BRÅKEN- 
HIELM 1980). 

The tree layer is composed exclusively of Pinus silvestris L. and has a density of 393 trees per ha 
and a height of 17—19 m. Calluna vulgaris Hvr, and Vaccinium vitis-idaea L. form a well-developed 
field layer, and the bottom layer, completely covering the ground, is mainly composed of the mosses 
Pleurozium schreberi (Brip.) Mirr. and Dicranum polysetum Sv. together with Cladonia lichens. 
The most recent direct effect of forestry practices was a slight thinning in 1960. A more complete 
description is given by AXELSSON & BRAKENHIELM (1980). 

The soil profile is an iron podsol with a weakly developed bleached horizon (2—7 cm) and the 
humus type is a typical mor. A very loose litter layer (Ago), interwoven with living mosses and lichens, 
covers a humus layer (Ag;—o2) of 5—10 em. The Ag, (F) and Ag, (H) horizons are almost indistin- 
guishable from each other. The pH range is 3.9—4.2 in the humus layer and 4.6—4.8 in the upper 
mineral soil. The parent mineral material as well as the whole soil is considered to be very poor in 
essential nutrients. The C/N ratio of the A9, 7 Ao, layer is 42.3. 


3. Materials and methods 


3.1. Needle collection, storage and sample preparation 


Brown needles were sampled at Ivantjürnsheden in late October 1973, and taken from the bran- 
ches of about 15-year-old Scots pines at abscission, air dried and were stored at —20 °C until the 
sample preparation took place. The trees were all located in an area less than 20: 50 m?. Before 
weighing, the needles were dried at room temperature to reach an even moisture level (6.9495). 
The biggest difference in moisture was less than + 0.5°, from the average as determined on 20 
samples. 

The litter-bags measuring 8 «8 cm, were made of terylene net with a mesh size of 1 mm. Each 
litter-bag contained about 2 g of needle litter and a piece of plastic tape giving the mass of the need- 
les. The litter-bags were placed on the Ag; layer at 20 test plots (1: 1 m?) randomly selected in the 
120-vear-old stand (3 ha) in spring as soon as the snow had melted (May 12, 1974). Five hundred 
litter-bags were incubated. The bags were fastened to the ground by 10—15 cm long metal pins and 
were incubated for 123, 185, 344, , 490, 545, 726, 133, 845, 922, 1125, 1228, 1273. 1480, 1581, 1627, 
1825 and 1966 days. 


os 


3.2. Sampling and chemical analysis 


For mass loss determinations one sample from each of the 20 test spots was collected, transported 


ném 1979). After the removal of plant remains, the loss of dry mass of the needles was 
determined by drying the aliquots to constant mass at 85 °C. At the low pH (below 4.0) no meas- 
urable volatilization of NH, should be expected at this temperature (I. NówMIR, pers. comm.). 
The nitrogen determinations were done by Kjeldahl analysis and the ash contents by heating at 
600 °C for 3 h. 
After extraction (Bn et al. 1982) the dried residues were analysed for sulphuric acid (Klason) 
lignin by hydrolysis [12.0 M 11,50, at room temperature for 2 h and reflux for 6 h after dilution to 
8 M (Beruce el al. 1911)]. 


4. Results and discussion 


4.1. Comments on the fractions studied 


We have used two ways of describing the change of nitrogen, either as a concentration 
(",,) of the sampled litter (relative amount) or as a change in net amount caleulated from a 
certain initial quantity (absolute amount). The latter is given as mg per initial g of litter. 
Both these values are given in Figure 1. The difference between total nitrogen and that 
analyzed as associated with the sulfuric-acid lignin is given as “non-lignin nitrogen" (Fig. 2). 

The term “lignin” is not fully correct in connection with decomposing plant litter. We 
have preferred to use it though, for the sake of simplicity. 

One would expect that the residue (fraction) analyzed as sulfuric-acid lignin not only 
represents native or modified lignin but also originates from other phenolie compounds 
(such as tannins), eutins, carbohydrates (furan and phenolic degradation products) and va- 
rious nitrogenous compounds. In one of the authors’ laboratory the formation of phenolic 
and other aromatic compounds was demonstrated to derive from degradation of carbo- 
hydrates alone or in the presence of amino compounds by heat treatment under mild pH- 
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. 1. Changes in relative amount (concentration) and absolute amount of nitrogen in decomposing 
Scots pine needle litter during decomposition over a five-year period. 


conditions (the Maillard reaction-for a recent summary, see THEANDER 1980). One would 
expect similar reaction products and their condensation pone to be slowly formed also 
with the litter conditions prevailing in the present study. A comparison could be made with 
a study on Sphagnum moss and Sphagnum peat of different ages (THEANDER 1954). In this 
it was found that the increase of non-carbohydrate polymers originated mainly from car- 
bohydrate degradation and lipids (Ermas & Kerora 1981) as the original amount of lignins 
or lienin-like compounds in the original mosses was very low (LINDBERG & THEANDER 1952). 
In a more recent investigation on decomposition of Sphagnum moss there was an increase of 
the absolute amount of sulfuric-acid lignin from initially 40 to about 100 mg g-l of litter 
after two years of incubation (BERG 1984). 

The nitrogen in the sulfuric-acid lignin fraction may originate from pine needle cell-wall 
protein, protein-tannin (or other polyphenols) complexes, slowly formed Maillard reaction 
products (THe aNxpeR 1980) but also from microbial chitin, and nucleic acids. In this connec- 
tion it is of interest to note that a brown humic product. insoluble in water, which was for- 
med by treating an aqueous solution of glucose and glycine at 96 °C (OLssox, PERNEMALM 
& THeaxper 1978) analyzed for 90°, Klason lignin by the standard procedure used in the 
present investigation, 

The nitrogen bound to fungal biomass was not measured separately in the present study 
but measurements from the first three vears are given here from a previous. presentation 
(Bera & SOpkRSTROM 1979). 


1.2. Total nitrogen fraction 


It appears possible to distinguish three separate phases for the changes in absolute amount 
of total nitrogen taking place during decomposition, namely leaching. accumulation (net 
immobilization) and release (net mineralization) phases (Fig. 2). These are commonly seen, 
even if leaching or accumulation may sometimes be difficult to distinguish (BERG & Staar 
1081). 

The absolute amount of nitrogen dropped during the first months of decomposition and 
about 10°, of the initial amount of nitrogen left the nedeles. probably mainly by leaching 
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(Fig. 1). This process often releases rather large amounts of nutrients (BocaTvnEv ef al. 
1983), including those present in carbon compounds from leaf litter (NvkvisT 1963). 

The absolute amount of total nitrogen (Fig. 2) — after the initial loss due to leaching — 
increased considerably during the first 500 days up to about 130% (C/N — 70), after which 
it slowly decreased. This accumulation followed the type function 1-e-X versus mass loss 
well with p < 0.001 (n = 5, r = 0.966) but could be approximated to a straight line (p — 
0.001). Accumulation of this kind has been found to take place in very different ecosystems 
and the magnitude appears to depend on both system and litter type (BERG & Sraar 1981). 
In their work (BERG & STAAF 1981) they found empirically that the critical N-concentration 
fo release to take place partly depends on the decomposition rate — higher N-levels found 
at higher rates. 

When the release had started the absolute amount of nitrogen did not go below the 
initial amount until after four years. The decrease in amount from 500 days onwards was 
linear (p — 0.001) for nitrogen release versus mass loss (n — 11, r — 0.927, p — 0.001). We 
may note that the net release of nitrogen started at about the same time as the decompo- 
sition of lignin. 

The concentration of total nitrogen increased with time (0.38 to 1.20", during the five 
years) (Fig. 1). With the exception of the first vear, the samples collected in spring had a 
comparatively low concentration whereas it was considerably higher in October/November. 
The highest inereases in concentration thus took place in the same period as the high litter 
decomposition. This relative increase plotted versus mass loss also gave a highly significant 
straight line relation (p < 0.001: cf. Sraar & Berg 1982). The increase in concentration 
continued in spite of a net release from the litter (Fig. 1). 

The absence of soil animals participating in the decomposition is essential for distinction 
of the phases discussed. Whereas the microbial breakdown only removes COg, soil animals 
will remove whole pieces of litter including nutrients and thus disturb the quantification of 
nitrogen. In the stand studied. the soil fauna appears to be of little significance for litter 
decomposition (BERG ef al. 1980). 


4.3. Nitrogen bound to the “lignin” fraction 


There was a notable relative increase of nitrogen in the “lignin” fraction and the con- 
centration increased during the whole five-year period and became about doubled (0.44 to 
1.095) (Table 1). This increase in concentration with time followed the type function 1-e—X 
rather closely (p < 0.001) and a linear relation was thus obtained between the concentration 
of “lignin nitrogen" and accumulated litter mass loss (p — 0.001). 

The absolute amount of “lignin-nitrogen” increased as decomposition proceeded until a 
net mass loss of the “lignin” fraction started at 700 to 800 days (Fig. 2; Table 1). By then 
the amount of nitrogen bound to this fraction was almost doubled. In litter the decomposi- 
tion of “lignin” is slower than for the other organic chemical components and starts late 
(Bera et al. 1982), and the release of “lignin-nitrogen” thus started later (after about 900 
days) than the release from the total-nitrogen fraction (500 days, Fig. 2) and a clear release 
was not seen until after 4 years (Fig. 2). In a recent review NóMMIK & Vaaruras (1982) 
discussed mechanisms for the uptake of NIT, to. among others, polyphenolic substances. It 
was suggested by Marrsox & AxpEnssox (1942) that phenolic hydroxyl groups are the sites 
where the NIE, is bound. 

The-accumulation in lignin may be described as a temporary sink for nitrogen at least 
in the early stages if decomposition. This fixed nitrogen appears to be. at least partly. avail- 
able to mineralization and uptake by plants as found by Beroe & BroapBent (1961). 


4.4. Nitrogen not bound to the “lignin” fraction 


The nitrogen not bound to the “lignin” fraction was not determined by direct analysis 
but was calculated as a difference between the total nitrogen and the "lignin-nitrogzen" 
fractions. The chemical compounds making up this nitrogen fraction probably are nucleic 
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Table 1. Litter mass loss, concentration of lignin in litter and changes in concentration and absolute 
amount of nitrogen as well as ash in the sulfuric-acid fraction of decomposing Scots pine (Pinus 
silvestris) needle litter 


Incubation Litter mass Lignin con- ‘Lignin nitrogen” Ash con- 
time loss!) centration Concentration — Absoluteamount — C"ntration 
(days) (0) S.B. in litter (95) (% in lignin)— (mg g~! of litter in lignin (%) 
0 0 — 25.0 0.44 1.10 0.84 
123 10.4 27.8 0.50 1.24 
185 17.8 28.3 0.61 1.42 
344 24.4 33.2 0.74 1.86 0.98 
376 (1 yr) 27.3 36.1 0.74 1.94 
490 35.7 38.1 0.74 1.81 1.19 
545 43.2 41.6 0.72 1.70 
726 44.4 42.6 0.75 1.78 
133 (2 vr) 45.8 42.4 0.78 1.82 
845 51.2 42.7 0.79 1.65 1.47 
922 55.8 46.3 1.02 2.09 
1125 (3 vrs) 58.8 n.d. n.d. n.d. 
1228 63.0 45.4 1.05 1.76 
1273 63.8 44.3 0.94 1.51 
1480 (4 vrs) 66.5 46.0 0.98 1.51 
1581 70.8 48.1 1.09 1.53 2.71 
1627 71.4 47.1 1.01 1.36 
1825 (r vrs) 75.0 47.0 0.97 1.14 
1966 77.5 47.2 1.04 1.12 
1) Given earlier by Bere et al. (1982) 
Note: n.d. stands for “not determined” 
Nitrogen Nitrogen 
absolute amount absolute amount 
(mg-g^! of Litter) (mg-g-! of litter) 
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Fig. 2. Changes in absolute amounts of some nitrogen fractions in decomposing Scots pine needle 


litter over 


a five 


year period. The star marks the time when a net decomposition of the lignin frac- 


tion started. The arrows in the graph for total nitrogen indicate the suggested start of accumulation 
and release phases. 
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acids and proteins originating from both the plant and invading microorganisms (Fig. 2) 
This nitrogen pool probably should be more easily available to microorganisms than that 
bound to “lignin”. After the initial decrease caused by leaching, this pool increased some- 
what and its behaviour was similar to that of total nitrogen because after the first year 
“lignin-nitrogen” appeared to be relatively stable. 
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6. Synopsis Original scientific paper 
BERG, B., & O. THEANDER, 1984. Dynamics of some nitrogen fractions in decomposing Scots pine 

needle litter. Pedobiologia 27, 261—267. 

Changes in absolute amounts of two nitrogen fractions namely total nitrogen and nitrogen bound 
to sulfuric-acid lignin respectively, were followed in decomposing Scots pine (Pinus silvestris) needle 
litter for five years down to a litter mass loss of 75°,. A net immobilization of nitrogen took place 
during the first 14/, years and up to 130°, of the initial amount. This was then followed by a release. 
In the net immobilization and release phases the uptake and release respectively were in proportion 
to litter mass loss. The concentration of nitrogen increased in proportion to litter mass loss (p < 0.001) 
There was also a net increase of nitrogen bound to the sulfuric acid lignin fraction and the absolute 
amount of nitrogen was almost doubled. A release of this nitrogen did not start until after 4 years. 
Key words: Litter, pine needles, decomposition, lignin, nitrogen, mineralization, immobilization, 
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